INTRODUCTION
Direct-fed microbials (DFM), which may be more commonly known as probiotics, are defined as "live microorganisms which, when administered in adequate amounts, confer a health benefit on the host (FAO/WHO, 2001) ." Addition of DFM to swine diets may improve gut health by modifying the microbiota, ABSTRACT: Effects of a Bacillus-based direct-fed microbial (DFM) on growth performance, plasma tumor necrosis factor ɑ (TNF-ɑ), relative gene expression, and intestinal VFA concentrations in weanling pigs fed low-or high-fiber diets were evaluated. Two hundred pigs (initial BW: 6.31 ± 0.73 kg) were allotted to 1 of 4 dietary treatments (5 pigs per pen and 10 pens per treatment). Treatments were arranged in a 2 × 2 factorial design with 2 diet types [low-fiber (LF) or high-fiber (HF)] and 2 concentrations of DFM (0 or 60 g DFM/t of feed). The DFM contained 1.5 × 10 5 cfu/g and was obtained from Danisco Animal Nutrition-DuPont Industrial Biosciences, Marlborough, UK. Phase 1 diets were fed for 2 wk post-weaning and phase 2 diets were fed over the following 29 d. Low fiber diets contained corn and soybean meal as main ingredients and HF diets contained corn, soybean meal, corn distillers dried grains with solubles (7.5 and 15.0% in phase 1 and 2, respectively), and wheat middlings (10.0%). Pigs and feed were weighed at the start and at the end of each phase, and ADG, ADFI, and G:F were calculated. At the conclusion of phase 2, blood was collected from 1 pig per pen and 1 pig per pen was sacrificed. Cecum and rectum contents were analyzed for VFA, and tissue samples were collected from the ileum, cecum, rectum, and liver to determine expression of genes related to absorption and metabolism of VFA using quantitative reverse transcription-PCR. Results indicated that feeding HF diets reduced (P ≤ 0.05) ADFI and ADG of pigs compared with feeding LF diets. Pigs fed DFM diets had improved (P ≤ 0.05) G:F compared with pigs fed non-DFM diets. Pigs fed LF diets had greater (P ≤ 0.05) BW at the end of phase 2 compared with pigs fed HF diets. The concentration of VFA in rectum contents was greater (P ≤ 0.05) in pigs fed LF diets than in pigs fed HF diets. The expression of monocarboxylate transporter-1 in the rectum of pigs fed HF diets was greater (P ≤ 0.05) than for pigs fed LF diets, and pigs fed DFM-containing diets had an increased (P ≤ 0.05) expression of glucagon-like peptide-2 receptor in the liver. Pigs fed HF diets had greater (P ≤ 0.05) concentrations of urea N in plasma compared with pigs fed LF diets, but dietary fiber and DFM had no effect on plasma concentration of TNF-ɑ. In conclusion, the Bacillus-based DFM improved overall G:F of weanling pigs, but pigs fed LF diets had greater final BW than pigs fed HF diets.
Effects of a 3 strain
which may enhance immune regulation, health status, and improve pig performance (Kenny et al., 2011; Cromwell, 2013) . Addition of DFM to nursery diets may also reduce diarrhea (Eigel, 1989) , but improved growth performance has not been consistently observed (Stavric and Kornegay, 1995) .
Bacillus-based DFM are spore-forming bacteria, which allow them to survive high temperatures and low pH, but when Bacillus-based DFM germinate in the intestine of the pig, they may produce a wide variety of fiber-degrading enzymes (Schreier, 1993; Kenny et al., 2011) . Therefore, addition of a Bacillus-based DFM may enhance fermentation of dietary fiber in swine diets and, subsequently, increase the available energy from the diet in the form of VFA (Davis et al., 2008) . Fiber in nursery pig diets may also act as a prebiotic and stimulate beneficial gut microbiota and, therefore, reduce post-weaning diarrhea (Smith and Halls, 1968) although dietary fiber sometimes will reduce digestibility of energy and nutrients (Bindelle et al., 2008) . Increasing dietary fiber may increase the efficacy of DFM, but data to confirm this hypothesis have not been reported (de Lange et al., 2010) . Therefore, it may be beneficial to supplement diets containing high-fiber ingredients such as distillers dried grains with solubles (DDGS) and wheat middlings with a Bacillus-based DFM that has the ability to secrete fiber-degrading enzymes. The objective of this experiment, therefore, was to test the hypothesis that addition of a Bacillus-based DFM to diets fed to weanling pigs will allow pigs fed high-fiber (HF) diets to maintain growth performance compared with pigs fed low-fiber (LF) diets.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee at the University of Illinois reviewed and approved the protocol for this experiment.
Animals, Diets, and Experimental Design. A total of 200 weanling pigs (initial BW: 6.31 ± 0.73 kg) that were the offspring of L 359 boars mated to C-46 females (Pig Improvement Company, Hendersonville, TN) were used in this experiment in 2 separate blocks of 100 pigs each. Pigs were randomly allotted in a completely randomized design to 4 dietary treatments. There were 5 pigs per pen and 10 replicate pens per treatment. Five of the pens for each treatment housed 2 gilts and 3 barrows, and the other 5 pens housed 2 barrows and 3 gilts. Pigs were housed in environmentally controlled nursery barns in 1.4 × 1.4 m pens with fully slatted floors. A 2-hole feeder and a nipple drinker were provided in each pen and feed and water were provided on an ad libitum basis throughout the experiment. Feed was provided as mash.
Treatments were arranged in a 2 × 2 factorial arrangement with 2 dietary sequence types (LF or HF) and 2 concentrations of DFM (0 or 60 g DFM/t of feed; Table 1 ). The Bacillus-based DFM was formulated to provide 1.5 × 10 5 cfu per gram of feed and was obtained from Danisco Animal Nutrition-DuPont Industrial Biosciences (Marlborough, UK). The DFM used in this experiment is identical to the 3-strain DFM used by Cai et al. (2015) and consisted of 1 strain of Bacillus subtilis and 2 strains of Bacillus amyloliquefaciens in equal proportions. Limestone and maltodextrin were the carriers. Phase 1 diets were fed for 2 wk post-weaning and phase 2 diets were provided during the following 29 d. The LF diets contained corn and soybean meal as main ingredients and HF diets contained corn, soybean meal, corn DDGS (7.5 and 15.0% in phase 1 and 2, respectively) and wheat middlings (10.0%). Phase 1 diets contained no microbial phytase, whereas phase 2 diets contained 500 units of microbial phytase (Axtra PHY; Danisco Animal Nutrition-DuPont Industrial Biosciences, Waukesha, WI) per kg of complete diet. Diets did not contain antibiotic growth promoters and diets were not formulated to be isocaloric or isonitrogenous, and therefore, HF diets contained less NE, but more CP, than LF diets. However, all diets were formulated to meet or exceed requirements for standardized ileal digestible AA, standardized total tract digestible P, vitamins, and minerals (NRC, 2012) .
Individual pig weights were recorded at weaning and at the conclusion of each phase. Daily allotments of feed were recorded and feed remaining in the feeder at the end of each phase was recorded and feed intake calculated. Data were summarized and ADG and ADFI were calculated. The G:F was calculated as kg gain per kg gain per kg feed intake and as kg gain per Mcal NE intake because LF and HF diets were not formulated to be isocaloric.
Sample Collection. Blood samples (10 mL; 1 pig per pen) were collected from the same pig in each pen at weaning and at the conclusion of phases 1 and 2. At weaning, the 10 replicate pens within each treatment were randomly assigned to having either a female or a male pig bled giving a total of 5 gilts and 5 barrows being bled for each diet. The pig within pen that had the sex that was selected for that pen and a BW closest to the average for the pen was then selected and this same pig was bled at each bleeding time. Blood samples were analyzed for plasma urea nitrogen (PUN) on an Olympus AU680 chemistry analyzer (Olympus Life Science Research Europa GmbH, Munich, Germany) and plasma concentrations of tumor necrosis factor ɑ (TNF-ɑ) were analyzed in duplicate using a porcine sandwich ELISA kit according to the manufacturer's instructions (R&D Systems, Minneapolis, MN). Intraassay CV was 5.5% for TNF-ɑ.
At the conclusion of phase 2, 1 pig per pen was sacrificed using captive bolt penetration. In pens with 3 gilts, the gilt that had a BW closest to the pen average was sacrificed, and in pens with 3 barrows, the barrow that had a BW closest to the pen average was sacrificed. Thus, for each treatment, 5 gilts and 5 barrows were sacrificed. Ileal digesta were collected from the distal 20 cm of the ileum and cecal digesta were collected from the center of the cecum. Rectal contents were collected as close to the anus as possible. The pH of each sample was measured immediately after collection using a pH meter (Accumet Basic, Fisher 3 DFM = direct-fed microbial. The premix consisted of 30 g of DFM mixed with 270 g of corn.
4 Calculated from NRC (2012).
5 SID = standardized ileal digestible.
6 STTD = standardized total tract digestible. Scientific, Pittsburgh, PA). After the pH was measured, 10 mL cecal and 10 mL rectal samples were separately mixed with 2N HCl in a 1:1 ratio and stored at -20°C until analyzed for concentrations of VFA. The remaining ileal and cecal digesta and rectal contents (50 to 100 mg) were also stored at -20°C for further analysis.
A 5-cm tissue sample was collected from the ileum 10 cm cranial to the ileo-cecal sphincter, from the tail of the cecum, from the rectum 10 cm cranial to the internal anal sphincter, and from the left lateral lobe of the liver. After collection, tissue samples, with the exception of liver tissue, were opened at the mesentery, rinsed with ice-cold PBS, snap-frozen in liquid nitrogen, and stored at -80°C.
RNA Extraction and Quantitative Reverse Transcription-PCR. Total RNA was isolated from 100 mg of frozen tissue samples according to the PureLink RNA Mini Kit (Life Technologies, Grand Island, NY) manufacturer's instructions. Total RNA was quantified using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE). The RNA quality was determined using a 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA) and all RNA samples used for reverse transcription had an RNA integrity number greater than 8.
Total RNA (100 ng/μL) was reverse transcribed by means of a SuperScript III First-Strand Synthesis SuperMix kit (Life Technologies) to synthesize the double-stranded cDNA. Double-stranded cDNA was diluted and used for quantitative reverse transcription (qRT-PCR). Each 10 μL reaction consisted of 5 μL SYBR Green (Applied Biosystems, Foster City, CA), 4 μL diluted cDNA sample, 0.4 μL of 10 μM forward and reverse primer, and 0.2 μL DNase/RNase free water. The reactions were performed in an ABI Prism 7,900 HT (Applied Biosystems, Foster City, CA) using the following conditions: 2 min at 50°C, 10 min at 95°C, 40 cycles of 15 s at 95°C, and 1 min at 60°C. An additional dissociation stage was added to verify the presence of a single PCR product. All reactions were run in triplicate. Data were analyzed using the 7,900 HT Sequence Detection Systems Software (version 2.2.1, Applied Biosystems).
Two internal control genes, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and hydroxymethylbilane synthase (HMBS), were used to normalize the expression of tested genes (Vigors et al., 2014) . The GAPDH gene was selected as an internal control gene because it is constitutively expressed at high levels in most tissues and it was expected that glycolysis would not be different among pigs fed experimental diets. The HMBS gene was selected as an internal control gene because it was expected that heme synthesis would not be different among pigs fed experimental diets.
The tested genes included mucin 2 (MUC2), monocarboxylate transporter 1 (MCT1), basigin (CD147), phosphoenolpyruvate carboxykinase 1 (PEPCK1), and glucagon-like peptide-2 receptor (GLP-2R). Mucin 2 is responsible for the production of mucin and was selected because previous research has indicated that high-fiber diets may increase mucin production (de Lange et al., 1989) . Monocarboxylate transporter 1 is a proton-coupled transporter of VFA and CD147 is responsible for translocation and function of MCT1 (König et al., 2010) and, therefore, these 2 genes were selected to aid in the explanation of intestinal concentrations of VFA. Phosphoenolpyruvate carboxykinase 1 is the ratecontrolling enzyme of gluconeogenesis in pigs (Shulman and Petersen, 2012) and was selected because we hypothesized that HF fed pigs would have less absorption of dietary glucose and, therefore, have increased gluconeogenesis in the liver. Glucagon-like peptide-2 receptor is a G protein-coupled, transmembrane receptor for the peptide glucagon-like peptide-2, which has been indicated to control gastrointestinal growth and function (Guan et al., 2006) . Ileum, cecum, and rectum tissue were tested for mRNA expression of MUC2, MCT1, CD147, and GLP-2R, whereas liver tissue was tested for MCT1, CD147, GLP-2R, and PEPCK1. Primers used for amplification of target genes are provided in Table 2 . To obtain the relative gene expression, the average quantity of triplicate samples was calculated and divided by the geometric mean of the 2 internal control genes.
Chemical Analyses. Prior to analysis, ileal and cecal digesta and rectal contents were freeze-dried and ground through a 1-mm screen in a Wiley Mill (Model 4; Thomas Scientific, Swedesboro, NJ). All main ingredients used in the diets and all diets, cecal, and rectal samples were analyzed for DM (Method 930.15; AOAC International, 2007;  Table 3 ). All diets and main ingredients were analyzed for ADF and NDF using Ankom Technology method 12 and 13, respectively (Ankom2000 Fiber Analyzer, Ankom Technology, Macedon, NY), whereas insoluble and soluble dietary fiber were analyzed according to method 991.43 (AOAC International, 2007) using the AnkomTDF Dietary Fiber Analyzer (Ankom Technology). Total dietary fiber was then calculated as the sum of insoluble and soluble dietary fiber. All diets and main ingredients also were analyzed for ash (Method 942.05; AOAC International, 2007) and for GE using bomb calorimetry (Model 6300; Parr Instruments, Moline, IL).
All cecal digesta samples and rectal samples that were stabilized in 2N HCl were analyzed for concentrations of VFA by gas chromatography according to Erwin et al. (1961) using a gas chromatograph (HewlettPackard 5890A Series II, Palo Alto, CA) and a glass column (180 cm × 4 mm i.d.) packed with 10% SP-1200/1% H3PO4 on 80/100 + mesh Chomosorb WAW (Supelco Inc., Bellefonte, PA). Nitrogen was the carrier gas with a flow rate of 75 mL/min. Oven, detector, and injector temperatures were 125, 175, and 180°C, respectively. The physical characteristics of the main ingredients and diets were determined by measuring the water binding capacity (Robertson et al., 2000; Cervantes-Pahm et al., 2014) and bulk density (Cromwell et al., 2000) .
Statistical Analysis. Normality of residuals were determined by the UNIVARIATE procedure of SAS (SAS Inst. Inc., Cary, NC). Outliers were determined using the BOXPLOT procedure of SAS (SAS Inst. Inc., Cary, NC) and any value that deviated from the treatment mean by 1.5 times the interquartile range was removed; 6 outliers were identified and removed. Gene expression data were log-10 transformed to align measures to a normal distribution. Growth performance, intestinal concentrations of VFA, and log-scale relative gene expression data were analyzed as a 2 × 2 factorial arrangement of treatments with dietary fiber concentration and DFM as the 2 factors and block as the random effect using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Initial BW was used as a covariate for growth performance. Relative gene expression data presented were back-transformed using antilog. The pen was the experimental unit for all analyses.
A repeated measures analysis was conducted for TNF-ɑ and PUN data (Littell et al., 1998) . Appropriate covariance structures were chosen based on the Akaike information criterion. Data were subjected to a 3-way ANOVA that included dietary fiber concentration, DFM, and d, as well as the interactions among these factors using PROC MIXED. Block was considered the random effect. The SLICE option of PROC MIXED was used to evaluate the main effects and interaction of dietary fiber concentration and DFM at each d. For all outcomes, a P-value ≤ 0.05 was used to determine significance among dietary treatments and a P-value > 0.05, but < 0.10 was considered a tendency.
RESULTS

Ingredient and Diet Analysis
Phase 1 LF diets contained 1.3 and 10.1% soluble and insoluble dietary fiber, respectively, and phase 1 HF diets contained 0.4 and 15.1% soluble and insoluble dietary fiber, respectively (Table 1) . Phase 2 LF diets contained 0.5 and 13.5% soluble and insoluble dietary fiber, respectively, and phase 2 HF diets contained 3.0 and 17.0% soluble and insoluble dietary fiber, respectively. Water binding capacity was 0.99 and 1.23 g/g and bulk density was 757.5 and 689.4 g/L in phase 1 LF and HF diets, respectively, and water binding capacity was 1.20 and 1.34 g/g and the bulk density was 759.3 and 681.9 g/L in phase 2 LF and HF diets, respectively. Corn, soybean meal, DDGS, and wheat middlings contained 0.6, 1.4, 1.9, and 6.3% soluble dietary fiber, respectively, and 12.1, 15.0, 29.0, and 37.1% insoluble dietary fiber, respectively (Table 3) . Water binding capacity was 0.97, 2.69, 1.74, and 3.11 g/g for corn, soybean meal, DDGS, and wheat middlings, respectively, and bulk density was 683.0, 807.3, 601.0, and 363.7 g/L, respectively.
Growth Response
Phase 1 ADG and BW at the conclusion of phase 1 were not affected by dietary fiber concentration or DFM (Table 4) , but phase 1 ADFI was greater (P ≤ 0.05) for pigs fed LF diets compared with pigs fed HF diets. Pigs fed diets containing DFM had greater (P ≤ 0.05) G:F in phase 1 compared with pigs fed diets without DFM. During phase 2, ADFI and G:F of pigs were unaffected by dietary fiber concentration or DFM, but ADG and BW of pigs fed LF diets were greater (P ≤ 0.05) compared with pigs fed HF diets. Overall, pigs fed LF diets had greater (P ≤ 0.05) ADG, ADFI, and final BW compared with pigs fed HF diets and pigs fed diets containing DFM had greater (P ≤ 0.05) G:F than pigs fed no DFM.
Intestinal Concentrations of VFA and pH
The pH of ileal digesta was not affected by dietary fiber concentration or DFM, but cecal digesta pH tended to be greater (P < 0.10) in pigs fed LF diets compared with pigs fed HF diets (Table 5 ). In contrast, rectal content pH tended to be greater (P < 0.10) in pigs fed HF diets compared with pigs fed LF diets. Concentrations of individual VFAs in cecal digesta were not affected by dietary fiber concentration or DFM. The concentrations of acetate, propionate, and isovalerate were greater (P ≤ 0.05) and the concentration of isobutyrate tended to be greater (P < 0.10) in rectal contents of pigs fed LF diets compared with pigs fed HF diets. Total short-chain fatty acid concentration in rectal contents of pigs fed LF diets was greater (P ≤ 0.05) compared with pigs fed HF diets and the concentration of total branched-chain fatty acids tended to be greater (P < 0.10) in the rectal contents of pigs fed LF diets.
Plasma Urea Nitrogen and TNF-ɑ
No effects of dietary fiber concentration or DFM addition on plasma concentrations of TNF-ɑ were observed (Fig. 1) . However, the effect of sampling d impacted the concentration of TNF-ɑ because on d 0, concentration of TNF-ɑ was the least (P ≤ 0.05) and on d 14 the greatest (P ≤ 0.05), whereas the concentration of TNF-ɑ on d 43 was between d 0 and d 14 concentrations. The PUN of pigs fed DFM-containing diets was less on d 0 compared with pigs fed diets without DFM (Fig. 2) . On d 14, PUN was not different among pigs fed experimental diets. However, HF diets increased (P ≤ 0.05) PUN of pigs on d 43, but an interaction (P ≤ 0.05) between dietary fiber concentration and DFM also was observed on d 43 because DFM addition to LF diets increased (P ≤ 0.05) PUN of pigs, whereas DFM addition to HF diets decreased (P ≤ 0.05) PUN. As the experiment progressed from d 0 to14 and d 43, the PUN of pigs increased (P ≤ 0.05), which is illustrated by the main effect of d (P ≤ 0.05).
Gene Expression
The expression of MCT1 was decreased (P ≤ 0.05) in the ileum of pigs due to DFM addition to the diets (Table 6) . The expression of genes tested from cecum Table 5 . pH in ileal, cecal, and rectal contents and VFA concentrations, expressed as μmol/g DM, in cecal and rectal contents of pigs fed a low-or high-fiber diet without or with a Bacillus-based direct-fed microbial 2 SCFA = short chain fatty acids.
3 BCFA = branched-chain fatty acids. tissue was not affected by dietary fiber concentration or DFM addition. Pigs fed HF diets had increased (P ≤ 0.05) MCT1 expression in the rectum. Pigs fed DFMcontaining diets had increased (P ≤ 0.05) CD147 and GLP-2R expression and tended to have increased (P < 0.10) MCT1 expression in the liver.
DISCUSSION
Results of previous research indicated that weanling pig growth performance is not reduced if 7.5 and 15% DDGS is included in phase 1 and 2 diets, respectively (Spencer et al., 2007) . Likewise, inclusion of 20% DDGS in diets for weanling pigs may not impact pig growth performance (Stein and Shurson, 2009 ), but wheat middlings included at 0, 5, 10, 15, or 20% in a corn-soybean meal diet fed to weanling pigs linearly reduced ADFI and ADG (De Jong et al., 2014) . It is, therefore, likely that the inclusion of wheat middlings in the diets used in this experiment resulted in the reduction in ADG observed for the pigs fed HF diets.
The decrease in ADFI and ADG that was observed as water binding capacity increased and bulk density decreased in diets is also in agreement with previous data (Jaworski et al., 2014b) . These results indicate that the increased gut fill and water binding capacity that is often associated with increased concentrations of fiber in diets may prevent weanling pigs from consuming enough feed to meet their energy requirement, but because gut fill was not determined in this experiment, this hypothesis could not be verified.
Addition of a Bacillus-based DFM to a corn-soybean meal diet fed to growing-finishing pigs may improve ADG (Davis et al., 2008) . Addition of 8% soybean hulls or 8% peanut hulls to a corn-soybean meal diet fed to weanling pigs reduced G:F, but if a yeast culture DFM was added to those diets, G:F was maintained compared with a corn-soybean meal control diet . Thus, the observation that addition of a Bacillus-based DFM to LF and HF diets in this experiment improved overall G:F of pigs is in agreement with the data by Kornegay et al. (1995) . However, in a review of the literature, Pollmann (1986) reported that addition of Bacillus-based DFM to weanling pig diets did not consistently improve growth performance, whereas a more recent review indicated that DFM addition to swine diets was beneficial in 30 of 31 research trials (Kremer, 2006) . Likewise, addition of the same 3-strain bacillus-based DFM as used in the present experiment improved ADG during the initial 2 wk postweaning and G:F during the entire nursery period as was also observed in the present experiment (Cai et al., 2015) . Improved ADG compared with a negative control group was also observed if a bolus dose of DFM was provided to pigs at weaning and DFM supplemented diets were provided from weaning until d 35 postweaning (Walsh et al., 2007) . Water delivery of DFM also prevented a reduction in ADG during a salmonella challenge, whereas pigs provided water without DFM had a significant drop in ADG (Walsh et al., 2012) . The inconsistencies reported in the literature regarding Bacillus-based DFM added to weanling pig diets may be a result of differences in ingredient composition of diets or health status of pigs, but it is also possible that improvements have been made in the development and implementation of DFM. Inconsistency in a DFM response also may arise from differences in the functionality of the strains being assessed and whether single strains or a combination of strains are included in the DFM being used. It is, therefore, possible that the reason a positive response was observed in the present experiment may be that the Bacillus-based DFM used in this experiment was more efficient in terms of stimulating microbial enzyme synthesis compared with the DFM used in some of the previous experiments.
It has also been proposed that in situ production of enzymes by DFM's may be an additional mode of action (Ferrari et al., 1993) and Bacillus-based DFM may secrete enzymes that can degrade DM in swine manure (Schreier, 1993; Davis et al., 2008) . Swine manure DM is mostly composed of dietary fiber due to the indigestible nature of dietary fiber fed to pigs. Therefore, we hypothesized that a Bacillus-based DFM added to swine diets may result in increased fermentation of dietary fiber, which may increase the amount of energy available to the pig in the form of VFA. It was expected that DFM would increase dietary fiber fermentation, resulting in a lower pH and greater VFA concentration in cecal and rectal contents.
Addition of a Bacillus-based DFM to growing pig diets containing multiple sources of dietary fiber increased the concentration of VFA in the feces and, therefore, enhanced fermentation and available ME, which resulted in increased ADG and final BW (Jaworski et al., 2014a) . However, in the current experiment, DFM had no effect on pH or VFA concentrations in ileal, cecal, or rectal contents, but contrary to our hypothesis, concentrations of acetate, propionate, isovalerate, total short chain fatty acids, and total branched-chain fatty acids in rectal contents of pigs fed LF diets were greater compared with pigs fed HF diets. It is possible that the reason for this observation is that pigs fed the HF diets excreted more feces per d than pigs fed the LF diets, and therefore, the total quantity of VFA excreted per d may have been greater from HF-fed pigs than from LF-fed pigs despite the greater concentration of VFA in LF-fed pigs. Previous research has indicated that, indeed, pigs fed HF diets excrete more feces compared with pigs fed LF diets (Fu et al., 2004) and, therefore, this warrants further investigation. Additionally, the increased dietary fiber in HF diets may have increased rate of digesta passage, which may decrease time for microbial fermentation of dietary fiber .
Feeding of HF diets may also result in greater expression of VFA transporters, which may result in faster absorption of VFA from pigs fed HF diets compared with pigs fed LF diets, and therefore less VFA is excreted in the feces. The observation that the expression of the VFA transporter MCT1 in the rectum of HF-fed pigs was greater compared with LF-fed pigs indicates that more VFA may have been absorbed from these pigs. MetzlerZebeli et al. (2012) reported that MCT1 expression in the cecum and colon of weaned pigs was positively correlated with butyrate and propionate concentration indicating that increased concentration of VFA may upregulate expression of the MCT1 gene. However, it has been indicated that CD147 is required for MCT1 translocation to the plasma membrane as well as for MCT1 transporter function (Kirk et al., 2000; Wilson et al., 2005) , but in the current experiment, CD147 expression in the rectum was not influenced by dietary fiber. Infusion of VFA into the cecum of growing pigs resulted in almost complete absorption of the VFA and less than 1% of the infused VFA were excreted in the feces (Jørgensen et al., 1997) . Therefore, it appears that VFA absorption is quite efficient (Barcroft et al., 1944) , and determination of the concentration of VFA in intestinal contents or feces may, therefore, not be an accurate estimate of the synthesis of VFA (Montoya et al., 2016) . The VFA molar proportions in cecal and rectal contents observed in this experiment are in agreement with the VFA molar proportion (i. e., 65:25:10, acetate:propionate:butyrate) usually observed in pigs (Robertson, 2007) .
The observation that the G:F, expressed as kg/ Mcal NE, was not different between pigs fed LF or HF diets indicates that weanling pigs are as efficient converting dietary NE from HF diets to BW gain as they are converting NE from LF diets. However, the increased bulk associated with HF diets appears to be the major barrier that prevents weanling pigs from consuming the same quantities of HF diets as they do of LF diets as indicated by the reduced ADFI for pigs fed the HF diets although it is also possible that the HF diets had reduced palatability compared with the LF diets (Seabolt et al., 2010; Kim et al., 2012) .
The improved G:F, expressed as kg/Mcal NE, that was observed for pigs fed the DFM containing diets indicate that the DFM may have contributed to improved fermentation of the fiber in the HF diets, which may have increased the amount of energy the pigs received from the diets. It is possible that addition of DFM to diets fed to weanling pigs may also reduce maintenance energy requirement of the pig by reduced immune stimulation, reduced endogenous secretions of nutrients, or improved gastrointestinal integrity. However, the observation that plasma concentration of TNF-ɑ was not different between pigs fed diets without and with DFM indicates that the pro-inflammatory immune cell regulation at the systemic level was not affected by DFM addition. However, changes in proinflammatory immune responses are also possible at the mucosal level (Elsasser et al., 2008) , but this was not experimentally verified in the current experiment. Therefore, it cannot be ruled out that pig pro-inflammatory immune cell regulation may be affected by DFM addition to the diets.
The increase in the expression of GLP-2R in the liver of pigs fed DFM-containing diets indicates that the concentration of GLP-2 in the liver may also have been increased as has previously been suggested (Connor et al., 2015) . Glucagon-like peptide-2 increased expression of maltaseglucoamylase and sucrose-isomaltase digestive enzymes (Petersen et al., 2001 (Petersen et al., , 2002 , decreased gastric emptying, gastric acid secretion, and gut motility (Wøjdemann et al., 1999; Guan et al., 2012) , and increased intestinal cell proliferation and reduced apoptosis in weanling pigs (Burrin et al., 2005; . It may, therefore, be speculated that the greater GLP-2R expression in the liver was a result of increased GLP-2 being synthesized, and therefore, the improved G:F of pigs fed the DFM diets may partly be a result of a reduced maintenance energy requirement due to reduced gastric emptying, reduced gastric acid secretions, and less gut motility. However, this hypothesis needs to be experimentally verified.
Conclusion
Inclusion of 10% wheat middlings and 7.5% DDGS in phase 1 diets and 10% wheat middlings and 15% DDGS in phase 2 diets fed to weanling pigs, reduced phase 1 ADFI and overall ADG and ADFI, resulting in a decreased BW of pigs on d 43 post-weaning. However, G:F was unaffected by dietary fiber concentration, indicating that weanling pigs are as efficient in converting dietary NE from HF diets into BW gain as they are of converting NE from LF diets. Addition of a 3 strain Bacillus-based DFM to LF or HF diets improved overall G:F, but had no effect on VFA concentration in cecal or rectal contents. However, because a balance study was not conducted to determine the total quantity of fecal excretion, and therefore total VFA excretion in feces, it was not possible to determine if the Bacillusbased DFM influenced total synthesis of VFA. The increased energy utilization that was observed for diets that contained the Bacillus-based DFM may have been a result of increased synthesis of GLP-2 because the relative expression of GLP-2R in the liver increased in pigs fed diets fortified with DFM.
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